Accurate assessment of cognitive impairment requires comparison of cognitive performance in individuals to performance in a comparable healthy normative population. Few prior studies have included a large number of black participants and few have excluded participants from the normative sample with subclinical/ latent neurological disease or dementia. This study provides age, race, and education-specific normative data for 8 cognitive tests derived from 320 black and 392 white participants aged 61 to 82 years (mean 71 y) in the Atherosclerosis Risk in Communities (ARIC) study without clinical or subclinical/latent neurological disease. Normative data are provided for the Delayed Word Recall Test, Logical Memory Parts I and II, the Word Fluency Test, Animal Naming, the Trail Making Test Parts A and B and the Digit Symbol Substitution Test. Age, race, and education-specific mean and À1.5 SD scores are given in tabular form and graphically, as well as regression-based equations to derive adjusted score cut-points. These robust normative data should enhance comparison across studies of cognitive aging, where these measures are widely used, and improve interpretation of performance on these tests for the diagnosis of cognitive impairment not only within the ARIC cohort, but also among older blacks and whites with similar demographics.
T he burden of dementia and mild cognitive impairment (MCI) among the elderly in the United States is high, affecting approximately 25% of adults aged 70 years or older 1, 2 and the number of persons with these conditions is expected to triple over the next 20 years along with the growing elderly population. 3 Neuropsychological testing is often part of the evaluation performed in the identification, diagnosis, and subtyping of dementia and MCI. Unbiased identification of cognitive impairment requires a person's cognitive performance to be compared with an appropriate normative sample derived from a comparable healthy population.
Level of performance on cognitive tests in persons without evidence of neurological disease is related to several demographic factors, including age, 4,5 race, [4] [5] [6] and education level. [4] [5] [6] [7] Several studies have shown that blacks (and other ethnic minority groups) tend to score lower than whites of similar age on neuropsychological tests even at apparently equivalent education and socioeconomic levels, resulting in reduced specificity and misclassification of cognitive impairment. [4] [5] [6] For these reasons, normative data for older adults, and more recently for specific racial/ethnic populations (in particular blacks) have been published. [8] [9] [10] [11] [12] [13] [14] Although the use of race-specific norms has been shown to substantially reduce misclassification of cognitive impairment to a level comparable with that observed in whites, a limitation of previous normative studies is the inclusion of a relatively small number of black participants with diverse ages and education levels. [8] [9] [10] [11] [12] [13] In addition, previous normative studies generally have not been "robust" and have not excluded participants with subclinical/latent neurological disease/risk factors (eg, lacunes, APOE genotype), or those who subsequently develop dementia after a short follow-up. [8] [9] [10] [11] [12] [13] Inclusion of individuals with these factors in the "conventional" normative population may lower cognitive test score means and decrease sensitivity to detect cognitive impairment. Therefore, robust normative data may increase sensitivity to detect cognitive impairment, 13, 15 but it is important to note that this increased sensitivity may also result in an increase in false-positive cases.
The Atherosclerosis Risk in Communities Neurocognitive Study (ARIC-NCS) was funded to determine the prevalence of MCI and dementia and to evaluate the association of risk factors, particularly midlife vascular risk factors and markers, with late-life cognitive impairment in the biracial ARIC cohort. Given the sparsity of cognitive norms in blacks and key limitations of the existing conventional norms noted above, there was a need to develop age, race, and education-specific norms for a battery of cognitive measures to use in identifying cognitive impairment in ARIC participants. Taking advantage of the extensively characterized population-based ARIC cohort, a robust normative sample of whites and blacks was defined, comprised of individuals free of both clinical and subclinical/latent neurological disease.
In the current study, we present robust normative data for 8 neuropsychological tests measuring a range of cognitive functions. The measures were selected not only to provide consistency with longitudinal assessments within ARIC, but also to provide comparability with related studies of cognitive aging, [16] [17] [18] where these tests have been widely used, including many from the core battery recommended in the Uniform Data Set by the National Institute on Aging (NIA) Alzheimer Disease Centers. 19, 20 
METHODS

Study Population
The ARIC study is an ongoing, community-based prospective cohort of 15,792 middle-aged adults from 4 US communities: Washington County, MD; suburbs of Minneapolis, MN; Forsyth County, NC; and Jackson, MS. ARIC participants were seen at 4 in-person visits that occurred approximately 3 years apart, from 1987 to 1989 for visit 1, through 1996 to 1998 for visit 4. A fifth visit was conducted in 2011 to 2013. A subset of ARIC participants (n = 1134) from the Forsyth County, NC and Jackson, MS field centers attended the ARIC Brain MRI visit (2004 to 2006) and underwent a more comprehensive cognitive assessment than was performed on the entire cohort at ARIC visits 2 and 4. Therefore, the ARIC Brain MRI visit participants serve as the source population for the present analysis.
Of the 1134 participants who attended the ARIC Brain MRI visit, we excluded (1) 101 participants with clinical neurological disease. Clinical neurological disease was defined as: (a) stroke or transient ischemic attack before the Brain MRI examination, (b) prior diagnosis of multiple sclerosis, Parkinson disease, brain tumor, (c) history of surgery or radiation to brain or skull, (d) prior diagnosis of dementia, (e) use of cholinomimetic medication. (2) A total of 279 participants with subclinical neurological disease or possible latent dementia. Subclinical neurological disease or possible latent dementia was defined as: (a) white matter grade Z6, 21 (b) 2 or more lacunar infarcts measuring >3 mm, (c) mini-mental status examination score <22 at the ARIC Brain MRI visit or at the ARIC Neurocognitive Study visit (2011 to 2013), (d) 2 APOE E4 alleles, (e) ICD-9 discharge code for dementia at any hospitalization (obtained from annual telephone contact with study participants and through active surveillance of all hospitalizations in the study communities) occurring after the Brain MRI visit through December 31, 2011 (ICD-9 codes: 290.0, 290. score data for DWRT, LM I, LM II, WFT, Animal Naming, TMT-A, and DSST. After exclusions, 712 participants remained for the analysis (Fig. 1 ). All included participants were required to have complete data for model covariates (age, race, and education). Our normative data for TMT-B is derived from a subset of participants (n = 651) who were not missing data on this test.
Measures of Cognitive Function
Trained examiners administered the cognitive tests in a standardized order during one session in a quiet room. Examiner performance was monitored by audio tape recording. Recordings were reviewed locally and shared across centers to ensure consistency with testing procedures and standardization across study sites.
DWRT 22 is a test of verbal learning and recent memory. In this test, participants were given 10 common nouns that they were asked to learn by using each word in a sentence. Two exposures to the words were given. After a 5minute delay, participants were given 60 seconds to recall the words. The score for the DWRT is the number of words correctly recalled.
Logical memory test, from the Wechsler Memory Scale-Revised (WMS-R) 23 is a test of immediate (LM I) and delayed (LM II) memory. In this test, 2 short stories (story A and story B) are presented, each containing a total of 25 pieces of information. Immediately after each story is presented, free recall of the story is elicited. The score for LM I is derived as the total number of story elements recalled. After a 30-minute delay, free recall of each story is elicited. The score for LM II is derived as the total number of story elements recalled. We present normative data for LM I and LM II as well as data for LM I story A and LM II story A to facilitate comparison with the Uniform Data Set from the NIA Alzheimer Disease Centers. 19 WFT, also known as the Controlled Oral Word Association Test (COWA), 24, 25 is a test of executive function and language. Participants were given 60 seconds to generate as many words as possible for the letters F, A, and S (60 s for each letter), avoiding proper nouns. The word fluency score is the total number of acceptable words generated for the 3 letters.
Animal Naming 26 is a test of semantic category fluency in which the participant is asked to spontaneously generate words from a specific category (in this test, animals). Participants could name multiple words in the same subcategory (eg, dog, poodle, Dalmation). The score is the total number of animals generated within 60 seconds.
TMT-A 27 is primarily a test of processing speed in which participants are asked to draw a line connecting circles numbered 1 to 25 that are randomly distributed on the page as fast as possible. The score is the time (seconds) for completion of this task, with a maximum allotted time of 240 seconds.
TMT-B 27 is a test of executive function and processing speed in which participants are asked to draw a line connecting the numbers 1 to 13 and the letters A to L that are randomly distributed on the page, alternating between numbers and letters. The score is the time (seconds) for completion of this task, with a maximum allotted time of 240 seconds.
DSST, of the Wechsler Adult Intelligence Scale-Revised (WAIS-R), 28 is a test of processing speed and new learning, where participants were asked to translate numbers to symbols using a key. The score is the total number of numbers correctly translated to symbols within 90 seconds and the range of possible scores is 0 to 93.
Statistical Analysis
Means (SDs) and percentages for characteristics of participants included and excluded from our analytic population stratified by race were calculated to facilitate comparison with other populations. We also report how many participants in each group are missing data on each covariate. T test and w 2 statistics were used to compare covariates across groups. Variables included are demographic factors [age, sex, education (< high school; high school or vocational school; college, graduate, or professional school), income (< $35,000/y, Z$35,000/y, not reported)], lifestyle factors (cigarette smoking, alcohol consumption), cardiovascular and genetic risk factors (diabetes, hypertension, APOE genotype), cognitive test scores, and the 11-item Center for Epidemiological Studies-Depression Scale score.
To create cognitive test normative data, we modeled the association between age and cognitive test score and included terms for education, race, and the interaction of education Â race. A linear model was determined to have the best fit using the criteria of standardized residuals, root mean squared error, and graphical display. Using this model we report the mean and À1.5 SD (defined as À1.5 times the root mean squared error from each model) for each age, race, and education group. We chose to report the À1.5 SD normative score because this is a common cutpoint for defining cognitive impairment in MCI and dementia. 29, 30 Age categories were defined as follows: 65 to below 70 years, 70 to below 75 years, and 75 to below 80 years. The midpoint age was used in the model to define the mean and À1.5 SD score for each 5-year age category. We performed a sensitivity analysis to compare the À1.5 SD scores derived from our model to scores calculated using stratified data (stratified by age, race, and education). In this sensitivity analysis, we calculated the stratified À1.5 SD scores for each age category using all individuals within 5 years of the midpoint age, but the scores calculated are applied only to individuals within 2.5 years of the midpoint age. For example, stratified À1.5 SD scores for midpoint age 67.5 are compared with scores from the model for age category 65 to below 70 years and are derived from all individuals between the ages of 62.5 and 72.5 years who are within the same race and education category.
To assess the associations of age (per 10 y) and education [comparing <high school to >high school (college, graduate, or professional school)] with cognitive test scores we calculated standardized z-scores for each test by subtracting the test mean and dividing by the SD. Means and SDs for each test were calculated separately by race. As a sensitivity analysis, we also defined standardized z-scores for each test using the overall (combined black and white) means and SDs.
All analyses were performed using Stata Version 13 (StataCorp, College Station, TX). Table 1 shows the characteristics of the 712 participants included and the 422 participants excluded from the normative population, stratified by race. Comparing the 320 included blacks to the 274 excluded blacks, those who were included were younger (71.0 vs. 73.1 y, P < 0.001), more likely to have college, graduate, or professional school education (49.7% vs. 32.1%, P = 0.002), and, as expected, performed better on all 8 cognitive tests (P < 0.001 for all tests). Whites who were included (n = 392) and excluded (n = 148) did not differ by education category (P = 0.639), but those who were included were younger (72.4 vs. 73.5 y, P = 0.009), and performed better on all tests (P < 0.010) except the WFT (35.2 vs. 34.1 words, P = 0.322). Comparing included blacks to included whites, blacks were younger (71.0 vs. 72.4 y, P < 0.001), were more likely to have <high school education (26.6% vs. 8.4%, P < 0.001), and had lower scores on all 8 cognitive tests (P < 0.001 for all tests). Of the 320 included blacks, the following data were missing: cigarette smoking status (n = 5), hypertension status (n = 15), APOE E4 genotype (n = 39), Trail Making Test Part B (n = 58).
RESULTS
Of the 392 included whites, the following data were missing: cigarette smoking status (n = 9), alcohol consumption (n = 2), hypertension status (n = 7), APOE E4 genotype (n = 34), 11-Item Center for Epidemiological Studies-Depression Scale (n = 4), Trail Making Test Part B (n = 3).
Of the 274 excluded blacks, the following data were missing: education (n = 2), cigarette smoking status (n = 4), alcohol consumption (n = 1), hypertension status Table 2 shows the regression coefficients and root mean squared errors from the linear regression models for each cognitive test. This table can be used to generate age, race, and education-specific normative scores. For example, to calculate the À 1.5 SD normative score on the DWRT for a black individual who is 72 years old with <high school education: À 1.5 SD DWRT score = [6.785 + (À 0.068 Â(72À71)) + (À 0.636) + ( À 0.428) + (À0.024)]-(1.5Â1.458) = 3.442 words. Tables 3 and 4 show the mean and À1.5 SD scores by age and education category for blacks (Table 3 ) and whites (Table 4 ) derived from the linear regression model. The À1.5 SD score for each cognitive test by age, race, and education category are depicted graphically in Figure 2 . In sensitivity analysis, we compared À1.5 SD scores derived from the model to À1.5 SD scores calculated in stratified analyses (Fig. A1) . Model derived and stratified À 1.5 SD scores were largely similar in both whites and blacks for DWRT, TMT-A, TMT-B, and DSST. However, for LM I, LM II, WFT, and Animal Naming, À1.5 SD scores from stratified analyses for blacks tended to be higher than those derived from the model, especially for lower levels of education. Alternatively, for whites, the À1.5 SD scores from stratified analyses tended to be lower than those derived from the model, especially for higher levels of education.
The association of age (per 10 y) with worse performance on cognitive tests tended to be stronger for tests (Table A1 ). In sensitivity analysis, there were no substantial differences in associations of age or education with cognitive test scores using the z-score derived from the overall population compared with the race-specific z-scores.
DISCUSSION
In this study, we provide age, race, and education-specific robust normative data for 8 cognitive tests derived from an extensively well-characterized population of older black and white individuals free of both clinical and subclinical/ latent neurological disease and dementia. In addition, we show that although age, race, and education are each associated with cognitive performance, associations with age tended to be greatest for tests of executive function, whereas associations with education tended to be greatest for measures of executive function and word fluency.
Formal comparison of our norms with prior studies is difficult because of differences in study design. Many prior normative studies [8] [9] [10] [11] [12] [13] reported "conventional" norms based on a population that excluded persons with evident clinical neurological disease and dementia, whereas our study reports "robust" norms based on a population that excluded participants with both clinical and subclinical/latent neurological disease and dementia. Robust normative data have usually been shown to be more appropriate for studies designed to distinguish normal aging from early transitions to dementia because persons who develop significant cognitive impairments shortly after baseline are excluded to assure that the normative sample does not include participants already in a prodromal stage. 13, 15 The importance of this is increasingly recognized because of the search for early interventions. However, 1 study, by Ritchie et al, 31 suggested that conventional norms performed similarly to robust norms in identifying early cognitive impairment. Formal comparison is also difficult due to differences in reporting of the normative data. Nevertheless, some observations are noted. In whites, our À1.5 SD robust normative scores are approximately similar to the third to fifth percentile conventional normative scores reported by Mayo's Older Americans Normative Studies (MOANS) for LM I, LM II, WFT, Animal Naming, TMT-A, and TMT-B. 32, 33 Similarly, our À1.5 SD robust normative scores for whites are comparable with the fifth percentile conventional normative scores reported from the Monongahela-Youghiogheny Healthy Aging Team (MYHAT) cohort for LM I, LM II, Animal Naming, TMT-A, and TMT-B. 34 These similarities are likely attributable to similarities in design, including adjustment for age and education. [32] [33] [34] Differences with prior studies are noted for normative scores in blacks. In our sample, À 1.5 SD robust normative scores for blacks were higher than those reported for the third to fifth percentile conventional normative scores in Mayo's Older African American Normative Studies (MOAANS) for LM I and Animal Naming 8 ; this pattern was most pronounced for younger age groups. These differences may also be due to MOAANS including a wider age range (56 to 99 y) or MOAANS not reporting education-specific normative data (MOANNS reported normative data adjustment for IQ score). [8] [9] [10] Scores for blacks in our study also differ in comparison with the (publically available) data from the National Alzheimer Disease Centers, notably for Animal Naming and TMT-A. Compared with the National Alzheimer Disease Centers data, À1.5 SD robust normative scores for blacks in our data tended to be higher on Animal Naming and lower on TMT-A, indicating better performance on these tests among our participants. These differences likely reflect differences in sample selection criteria (robust vs. conventional normative populations), demographic factors (age, education), and point to the importance of considering comparability on these factors when selecting a normative reference sample.
Floor effects were noted in blacks for LM II and TMT-B, suggesting that the diagnostic utility of these measures, particularly for those with lower levels of education, may be limited. Similar findings were reported for TMT-B in MOAANS. 8 We allowed a maximum time of 4 minutes to complete TMT-B (compared with 5 minutes in MOAANS). Although a longer time limit could be considered, this may not be feasible in many clinical or research settings, where efficiency of the total testing battery and limiting participant/ patient frustration may be of principal concern.
The use of race-specific cognitive norms has been an issue of debate. 12, 35, 36 It is important to note that white and black race represent social constructs rather than scientifically based categories 37 and using these race categories ignore the heterogeneity of performance observed within these groups. Perhaps the largest drawback to depending on race-specific norms is that it leaves the reasons for these differences largely unexamined. Cognitive performance differences across race/ethnic categories, especially those observed in cross-sectional studies, may provoke unsupported views that the differences are biological. Although we have not attempted to explain the racial differences observed in our study, when used appropriately, the current norms should help reduce misclassification of cognitive impairment in blacks with comparable demographic characteristics and facilitate identification of preclinical cognitive decline for those with MCI. 12, 35 Certain limitations of this study are noted. The applicability of any norms is dependent upon the degree of similarity between the individual test taker and the educational, cultural, and related demographic characteristics of those in the normative sample. The normative estimates in our study were based upon ARIC study participants from 2 geographic regions (Forsyth County, North Carolina and Jackson, Mississippi) in the United States and their educational and cultural experiences may not be representative of blacks and whites from other regions. Although ARIC is a population-based study, those who agreed to be in the study and who further agreed to be participants in the more comprehensive ARIC Brain MRI study may be different from the general community in important ways (eg, they may be in better health or have more interest in their health). It is up to the individual clinician/investigator to determine whether and how best to apply these norms. To facilitate comparisons to other populations of interest, we have provided detailed characteristics of our sample.
Another limitation of our norms is the age range to which they are applicable. Although our participants ranged from 61 to 82 years in age, we were only able to create norms for ages 65 to 80 years due to the small number of participants outside of this age range. In addition, although sex is a predictor of performance on some cognitive tests, we did not stratify on sex. Stratifying on sex, in addition to age, race, and education group (all of which were more strongly associated with cognitive performance than sex), would have resulted in unacceptably small cell sizes and less reliable normative estimates. We also did not have a measure of literacy in this study, which some have argued may be a better indicator of educational achievement and quality than years of education, which may vary by geographic region and race. 36 We hope to revisit this limitation in future work. It should also be noted that our sensitivity analysis comparing stratified À1.5 SD scores to À 1.5 SD scores derived from the regression model should be interpreted with caution as the number of individuals in each cell for the stratified analysis varied and some cells contained an inadequate number of individuals for reliable estimation.
The measures in our study where selected to provide an efficient but relatively comprehensive assessment of cognitive functioning in the ARIC cohort, and have been widely used in studies of cognitive aging and dementia. The reported data will facilitate comparisons across cohort studies examining MCI and dementia. Although several of the measures are currently used clinically, newer versions exist for the WAIS and WMS tests. Some clinicians, however, may prefer the versions presented here, particularly those who evaluate black participants or who desire consistency with the National Alzheimer Disease Centers recommended core cognitive battery. 19 Because all the tests presented were normed in a single sample, relative performance can be directly compared across tests, further facilitating clinical interpretation.
Strengths of the current study include a biracial sample with a wide age span and range of education levels. Most prior studies have excluded participants based on only overt clinical conditions that may affect performance on cognitive testing. 5, 11, 12, 32 Our study used rigorous criteria to exclude individuals with subclinical/latent disease or known risk factors for cognitive impairment (eg, lacunar infarcts on Brain MRI, APOE E4 genotype, subsequent diagnosis of dementia) that may affect performance on cognitive testing. Our ability to identify and exclude these individuals from the normative sample provides increased sensitivity to detect cognitive impairment and addresses a key limitation of existing cross-sectional norms. The rapidly expanding elderly population and the growing proportion of older ethnic minorities in the United States highlights the need for appropriate normative data to accurately identify cognitive impairment and dementia in diverse populations. This study provides age, race, and education-specific robust normative data for 8 cognitive tests derived from a large population-based sample of blacks and whites, free of clinical and subclinical/latent neurological disease and dementia. These norms are intended to provide an additional option for clinicians and researchers, particularly in the evaluation of black patients/ participants. Applied appropriately, the current norms should help improve the interpretation of performance on these measures for the diagnosis of cognitive impairment not only within the ARIC cohort, but also among older blacks and whites with similar demographic characteristics. 
